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Abstract
The b→ ssd¯ and b→ dds¯ decays are highly suppressed in the SM, and are thus good probes of
new physics (NP) effects. We discuss in detail the structure of the relevant SM effective Hamiltonian
pointing out the presence of nonlocal contributions which can be about λ−4(m2c/m2t ) ∼ 30% of the
local operators (λ = 0.21 is the Cabibbo angle). The matrix elements of the local operators are
computed with little hadronic uncertainty by relating them through flavor SU(3) to the observed
∆S = 0 decays. We identify a general NP mechanism which can lead to the branching fractions of
the b→ ssd¯ modes at or just below the present experimental bounds, while satisfying the bounds
from K − K¯ and B(s) − B¯(s) mixing. It involves the exchange of a NP field carrying a conserved
charge, broken only by its flavor couplings. The size of branching fractions within MFV, NMFV
and general flavor violating NP are also predicted. We show that in the future energy scales higher
than 103 TeV could be probed without hadronic uncertainties even for b→ s and b→ d transitions,
if enough statistics becomes available.
∗On leave of absence from Faculty of mathematics and physics, University of Ljubljana, Jadranska 19, 1000
Ljubljana, Slovenia, and Josef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
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I. INTRODUCTION
The decays b → ssd¯ and b → dds¯ are highly suppressed in the SM: they are both loop
and CKM suppressed (by six powers of small CKM elements Vts and/or Vtd). As such they
can be used for searches of New Physics (NP) signals [1, 2, 3, 4, 5, 6, 7, 8]. The types of NP
that would generate b→ ssd¯ and b→ dds¯ transitions will commonly also give contributions
to K−K¯, B− B¯ and Bs− B¯s mixing. Since no clear deviations from the SM predictions are
seen in the meson mixing, is it possible to have deviations in b→ ssd¯ and b→ dds¯ transition
observable at Belle II and at LHCb? A related question is: with improved statistics, can the
experiments using b → ssd¯ and b → dds¯ decays push the bounds on flavor violation scale
beyond what can be achieved from the mixing observables?
We address the second question first. For simplicity let us assume that NP contributions
can be matched onto the SM operator basis, so that H∆S = Csd1 (d¯Lγ
µsL)(d¯LγµsL), H
∆B =
Cbs1 (s¯Lγ
µbL)(s¯LγµbL) and H
b→ssd¯ = Cb→ssd¯1 (s¯Lγ
µbL)(s¯LγµdL). Using |C i1| = 1/(Λi)2 one finds
[9]
K − K¯ mixing : Λsd > 1.0 · 103 TeV,
Bd − B¯d mixing : Λbd > 210 TeV,
Bs − B¯s mixing : Λbs > 30 TeV,
(1)
with Im(Csd1 ) additionally constrained from εK . The above bounds should be compared with
the following prediction for the b → ssd¯ transition in the presence of NP with scale Λb→ssd¯
(see section V for derivation)
B(B¯0 → K¯0∗K¯0∗) = 0.3× 10−6
(10 TeV
Λb→ssd¯
)4
, (2)
while the SM prediction for this branching ratio is of O(10−15). Let us take as an estimate
Λb→ssd¯ ∼
√
ΛbsΛsd, a relation that holds in a wide set of NP models including the Minimal
Flavor Violation (MFV) and Next-to-Minimal Flavor Violation (NMFV) frameworks. With
enough statistics the bound on Λbs can then be pushed up to 103 TeV and higher without
running into SM background. The b→ ssd¯ decay modes could thus be used to constrain the
NP flavor structure for b → s transitions as precisely as it is possible for s → d transitions
from kaon physics. However, the statistics needed is very large. For instance, even to
probe this type of flavor violating NP beyond the mixing bounds, the LHCb and Belle II
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luminosities will not be enough. In this scenario the K − K¯ and Bd − B¯d mixing bounds
translate to B(b→ dds¯) <∼ 10−13 and the bounds from K − K¯ and Bs− B¯s mixing translate
to B(b→ ssd¯) <∼ 10−11.
Does this mean that any NP discoveries using b → dds¯ and b → ssd¯ transitions are
excluded at Belle II and LHCb? Certainly not. It is possible to have significant effects in
b→ dds¯ and b→ ssd¯ while obeying the bounds from the meson mixing, if (i) the exchanged
particle (or a set of particles) X carries an approximately conserved global charge and, if
(ii) additionaly there is some hierarchy in the couplings (or alternatively some cancellations
in K − K¯ mixing). Consider the NP Lagrangian of a generic form
Lflavor = gb→s(s¯Γb)X + gs→b(b¯Γs)X + gd→s(s¯Γd)X + gs→d(d¯Γs)X + h.c., (3)
and assume thatX carries a conserved quantum number broken only by the above terms. We
also assume for simplicity that the field X couples to a fixed Dirac structure Γ. Integrating
out the field X produces flavor-changing operators
Leff = 1
M2X
[
gd→sg∗s→d(s¯Γd)(s¯Γ¯d) + gb→sg
∗
s→b(s¯Γb)(s¯Γ¯b)
+ gb→sg∗s→d(s¯Γb)(s¯Γ¯d) + gd→sg
∗
s→b(s¯Γ¯b)(s¯Γd)
]
,
(4)
with the terms in the first line contributing to K − K¯ mixing and Bs − B¯s mixing, and in
the second line to b→ ssd¯ decays (we also introduced Γ¯ = γ0Γ†γ0). It is now possible to set
contributions to meson mixing to zero, while keeping b→ ssd¯ unbounded. This happens for
instance, if
gb→s ≪ gs→b, gs→d ≪ gd→s, or gb→s ≫ gs→b, gs→d ≫ gd→s. (5)
In this way all the present experimental bounds can be satisfied, while branching ratios for
b→ ssd¯ and b→ dds¯ induced decays are O(10−6) (see section V for details).
The important ingredient in the above argument was thatX carried a conserved quantum
number, so that there were no terms in Leff of the form
g2b→s(s¯Γb)(s¯Γb) + g
2
d→s(s¯Γd)(s¯Γd) + g
∗2
s→b(s¯Γ¯b)(s¯Γ¯b) + g
∗2
s→d(s¯Γ¯d)(s¯Γ¯d) . . . , (6)
These would be generated for X = X†, which is impossible, if X carries a conserved charge.
If terms (6) are present, then Bs − B¯s mixing forces both gb→s and gs→b to be small, and
the hierarchy in (5) is not possible (similarly K − K¯ mixing bounds gd→s and gs→d to both
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be small). An explicit example of a NP scenario where only terms of the form (4) are gen-
erated is R−parity violating MSSM [4]. The R-parity violating term in the superpotential,
W = λ′ijkLiQj d¯k, leads to ν˜iq¯LjdkR flavor violating coupling. Sneutrino exchange gener-
ates operators of the form (4), while operators of the form (6) are not generated, since the
sneutrino carries lepton charge broken only by R-parity violating terms.
A hierarchy of couplings in (5) is also present in (N)MFV models, if left-right terms give
dominant contributions [10]. Both terms in (4) and (6) are generated, on the other hand,
for FCNCs induced by Z ′ exchange, since Z ′ does not carry any conserved charge.
In this paper we will not confine ourselves to a particular model but keep the analysis
completely general using effective field theory. We will improve on the existing SM predic-
tions, and also give predictions for general NP contributions. The most general local NP
hamiltonian for b→ ssd¯ transition is [2]
HNP =
1
Λ2NP
( 5∑
j=1
cjQj +
5∑
j=1
c˜jQ˜j
)
, (7)
where cj are dimensionless Wilson coefficients, ΛNP the NP scale, and the operators are
Q1 =(s¯LγµbL)(s¯Lγ
µdL),
Q2 =(s¯RbL)(s¯RdL), Q3 = (s¯
α
Rb
β
L)(s¯
β
Rd
α
L),
Q4 =(s¯RbL)(s¯LdR), Q5 = (s¯
α
Rb
β
L)(s¯
β
Ld
α
R).
(8)
The Q˜j operators are obtained from Qj by L↔ R exchange. In SM only Q1 is present. The
b→ dds¯ effective Hamiltonian is obtained by exchanging s↔ d in the above equations, while
the K − K¯ and Bs − B¯s mixing Hamiltonians follow from b→ d and d→ s replacements.
The predictions following from the NP hamiltonian (7) require calculating the QCD
matrix elements of the four-quark operators. In this paper we show that the Q1 matrix
elements can be related by SU(3) flavor symmetry to linear combinations of observable
∆S = 0 decay amplitudes. This gives clean predictions for the branching fractions of the
exclusive b → ssd¯ and b → dds¯ modes in the SM and the NP models where Q1 dominate.
This happens in a large class of NP models, including the two-Higgs doublet model with
small tanβ, and the MSSM with conserved R parity [4]. The effects of the operators with
non-standard chirality can be estimated using factorization.
The outline of the paper is as follows. In Section II we review the structure of the
effective Hamiltonian mediating the b → ssd¯, dds¯ decays in the Standard Model. We point
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FIG. 1: Matching the box diagrams contributing to b → ssd¯ decays onto an effective theory with
mW ≥ µ ≥ mb. The top quark box diagram (above) is matched onto a local four-quark operator,
while the box diagrams with u, c internal quarks (below) are matched onto local and nonlocal
operators. The mixed top-charm and top-up box diagrams are power suppressed by m2u,c/m
2
W and
do not contribute at leading order, see Appendix A.
out that in addition to the local operators, the effective Hamiltonian contains also nonlocal
operators which have not been included in the previous literature. In Section III we derive the
flavor SU(3) relations for the matrix elements of the Q1 operator. The resulting numerical
predictions for b → ssd¯, dds¯ decays in the SM are given in Section IV. NP predictions
in the case of Q1 operator dominance are discussed in Section V, while in Section VI the
modifications needed for a general chiral structure are given. Three appendices contain
further technical details.
II. SM EFFECTIVE HAMILTONIAN FOR b→ ssd¯ AND b→ dds¯ DECAYS
In the SM the b→ ssd¯, dds¯ decays are mediated by the box diagram with internal u, c, t
quarks, Fig. 1. For notational simplicity let us focus on the case of b→ ssd¯, while the results
for b→ dds¯ can be obtained through a replacement s↔ d. The effective weak Hamiltonian
for b → ssd¯ is obtained in analogy to the one for K0 − K¯0 mixing [11, 12, 13, 14], but
with several important differences. First, the CKM structure is more involved. Second,
the presence of the massive b quark in the initial state introduces a correction, which is
however suppressed by m2b/m
2
W , and is thus numerically negligible. Finally, in applications
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to K0 − K¯0 mixing the charm quark can be integrated out of the theory, while this cannot
be done for exclusive B decays, where there is no clear separation between the charm mass
mc and the energy scales relevant in nonleptonic exclusive B decays into two pseudoscalars.
At scales mb ≤ µ ≤ mW , the effective weak Hamiltonian mediating b → ssd¯ decays
contains both local ∆S = 2 terms as well as nonlocal terms arising from T-products of
∆S = 1 effective weak Hamiltonians
Hssd¯ = H∆S=2 +
∫
ddxT
{H∆S=1d (x),H∆S=1b (0)} . (9)
The local part is
H∆S=2 = G
2
Fm
2
W
16π2
(
λdtλ
b
tCtt + λ
d
cλ
b
tCct + λ
d
tλ
b
cCtc
)[
(s¯d)V−A(s¯b)V−A
]
, (10)
where the CKM structures are defined as λq
′
q = Vqq′V
∗
qs. The Wilson coefficient coming from
the top box loop is Ctt ∼ O(xt) and from the top-charm box loop Cct = Ctc ∼ O(xc), where
xi = m
2
i /m
2
W . The scaling of the three contributions in the local Hamiltonian (10) in terms
of Cabibbo angle λ = 0.22 and quark masses is then: ∼ λ7xt, ∼ λ3xc and ∼ λ7xc (for
b→ dds¯ all three terms are suppressed by another factor of λ). The third term in (10) can
thus easily be neglected. Note also that there is no λdcλ
b
c term. The resulting absence of large
log xc from the charm box contribution is sometimes called the super-hard GIM mechanism
[14], and follows from the chiral structure of the weak interaction in the SM, as explained
in Appendix A. The precise values of the Wilson coefficients in (10) can be read off from
the expressions for K0 − K¯0 mixing [11], where the RG running is performed only down to
scale µ ∼ mb. For m¯t(m¯t) = 160.9 GeV, m¯c(m¯c) = 1.27 GeV, αs(mZ) = 0.118 they are at
µ = mb = 4.2 GeV: Ctt(mb) = 1.92, Ctc(mb) = 3.75xc = 9.35 · 10−4 at leading order (LO)
(see appendix B for the derivation).
The nonlocal contributions in b→ ssd¯ transition, Eq. (9), come from insertions of ∆S = 1
effective weak Hamiltonians H∆S=1b and H∆S=1d (see also Fig. 1). The ∆S = 1 effective weak
Hamiltonian H∆S=1b is the same weak Hamiltonian relevant for hadronic B decays
H∆S=1b =
GF√
2
( ∑
q,q′=u,c
V ∗qsVq′b
∑
i=1,2
CiQ
qq′
i,b − V ∗tsVtb
6∑
j=3
CjQ
b
j
)
, (11)
with the tree operators Qqq
′
1,b = (q¯b)V−A(s¯q
′)V−A, Q
qq′
2,b = (q¯βbα)V−A(s¯αq
′
β)V−A, and penguin
operators Qb3,5 = (s¯b)V−A(q¯q)V∓A, Q
b
4,6 = (s¯αbβ)V−A(q¯βqα)V∓A, where the color indices α, β
6
are displayed only when the sum is over the fields in different brackets. In the definition of
the penguin operators Qb3−6 a sum over q = {u, d, s, c, b} is implied. The weak Hamiltonian
H∆S=1d follows from (11) by making the replacement b→ d.
Using CKM unitarity we can rewrite the CKM factors as V ∗usVub = −V ∗tsVtb − V ∗csVcb.
The insertions of tree operators with u and c quarks will generate contributions with CKM
structure λdcλ
b
c, that are not present in the local ∆S = 2 Hamiltonian (10),
Hcc = G
2
F
2
λdcλ
b
c
∫
ddx
∑
i,j=1,2
CiCjT
{
Qcci,d(x)Q
cc
j,b(0) +Q
uu
i,d(x)Q
uu
j,b(0)−
−Qcui,d(x)Qucj,b(0)−Quci,d(x)Qcuj,b(0)
)}
.
(12)
From dimensional analysis, the size of this contribution is roughly
Hcc ∼ G
2
F
16π2
m2cλ
d
cλ
b
c(s¯d)V−A(s¯b)V−A , (13)
which is comparable to (10) and needs to be kept. Another set of contributions of comparable
size coming from double ∆S = 1 weak Hamiltonian insertions has CKM structure λdcλ
b
t . The
nonlocal contributions proportional to λdtλ
b
t , on the other hand, are power suppressed, scaling
as m2c , compared to the corresponding ones in (10), which scale as m
2
t . These contributions
can be safely neglected.
The appearance of nonlocal contributions is similar to the situation for K0− K¯0 mixing,
where the effective Hamiltonian below the charm scale contains the T-product of two ∆S = 1
operators mediating s→ duu¯ transitions, in addition to the local operator (s¯d)V−A(s¯d)V−A.
The only difference is that in exclusive b→ ssd¯ decays the charm quark can not be integrated
out because of the large momenta of the light mesons in the final state.
The dominant nonlocal operators have CKM structure λdcλ
b
t Eq. (B8) and λ
d
cλ
b
c Eq. (12).
These operators contribute to the physical decay amplitude through rescattering effects
with DD¯,Dπ, D¯π, · · · intermediate states. Their matrix elements are suppressed relative
to those of the top box contribution ∼ Ctt by λ−4(m2c/m2t ) ≃ 30%, which suggests that the
approximation of neglecting m2c suppressed (but CKM enhanced) nonlocal terms may be a
reasonable first attempt.
We leave a complete calculation of the nonlocal contributions for the future and present
only a partial evaluation of b → ssd¯ branching ratios by relating the matrix elements of
the local contributions (10) to the already measured charmless two body decays using flavor
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SU(3). We note that the nonlocal contributions were estimated in Ref. [15] using a hadronic
saturation model, and were found to be suppressed relative to the local contributions.
For the purpose of the SU(3) relations to be discussed below, it is useful to rewrite the
effective Hamiltonian (10) as
Hi = GF√
2
VubV
∗
udκiOi , i = ssd¯, dds¯. (14)
The operators Oi are
Ossd¯ = (s¯b)V−A(s¯d)V−A, Odds¯ = (d¯b)V−A(d¯s)V−A, (15)
and the dimensionless coefficients κi depend only on the CKM factors and calculable hard
QCD coefficients. We have
κssd¯ =
√
2GFm
2
W
(4π)2
VtbV
∗
ts
VubV
∗
ud
(VtdV
∗
tsCtt + VcdV
∗
csCct), (16)
and similarly for κdds¯. Numerically, the coefficients are (at µ = mb = 4.2 GeV, with CKM
elements from [16])
κssd¯ = (6.9 · 10−6)ei51
◦
, κdds¯ = (1.5 · 10−6)e−i74◦ . (17)
The SU(3) symmetry relations derived below require also the C1 + C2 combination of
Wilson coefficients, evaluated at the same scale µ = mb. At leading log order this is given
by
(C1 + C2)(mb) =
(
αs(MW )
αs(mb)
)6/23
= η2(mb) = 0.85 . (18)
III. SU(3) PREDICTIONS
We next show how two body B decay widths for b→ ssd¯ and b→ dds¯ transitions can be
calculated using flavor SU(3). As a first approximation we neglect the nonlocal charm-top
contributions, as justified in the previous section. Then the processes b→ ssd¯ and b→ dds¯
are mediated in the SM only by the local operators Oi in Eq. (15). Under flavor SU(3) these
operators transform as 15
Ossd¯ = 151/2, Odds¯ = 151, (19)
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where the subscripts denote the isospin. They belong to the same SU(3) multiplet as the
15 in the decomposition of the b→ duu¯ tree operators [17]
C1(u¯b)V−A(d¯u)V−A + C2(d¯b)V−A(u¯u)V−A =
1
2
(C1 + C2)(− 2√
3
153/2 − 1√
6
151/2 +
1√
2
3
(s)
1/2) +
1
2
(C1 − C2)(61/2 − 3(a)1/2) .
(20)
These operators contribute to ∆S = 0 decays such as B → ππ. The explicit expressions for
15 operators in (20) are
151/2 = − 1
2
√
6
[(b¯u)(u¯d) + (b¯d)(u¯u)] +
1
2
√
3
2
[(b¯s)(s¯d) + (b¯d)(s¯s)]− 1√
6
(b¯d)(d¯d), (21)
153/2 = − 1√
3
[(b¯u)(u¯d) + (b¯d)(u¯u)] +
1√
3
(b¯d)(d¯d) . (22)
We list the b → dds¯, ssd¯ exclusive decays in Table I for B → PP and in Table II for
B → PV . The PP final states transform under SU(3) as 1, 8, 27, the operators Ossd¯ and
Odds¯ are in 15, and thus there are only two reduced matrix elements, 〈8|15|3〉 , 〈27|15|3〉.
These two reduced matrix elements also appear in the predictions for measured ∆S = 0
decays mediated by the operators in Eq. (20). This means that the B → PP matrix
elements of the operators Ossd¯ and Odds¯ can be expressed in terms of ∆S = 0 decay
amplitudes such as A(B0 → π+π−) and others. A similar analysis applies to B → PV
decays, where there are four independent reduced matrix elements of the 15 operators:
〈8S|15|3〉 , 〈8A|15|3〉 , 〈10|15|3〉 , 〈27|15|3〉. These can again be expressed in terms of phys-
ical B → PV ∆S = 0 amplitudes. We now derive these relations separately for the B → PP
and B → PV final states.
A. B → PP decays
We use the formalism of the graphical amplitudes [18], which makes the derivation of
SU(3) decompositions quite intuitive. The two independent reduced matrix elements of the
15 operator are given in terms of graphical amplitudes [17, 19] as
−
√
10
6
〈27|15|3〉 = − 1
C1 + C2
(T + C) = − 1
κssd¯
(t+ c), (23)
〈8|15|3〉 = − 1
C1 + C2
(1
5
(T + C) + A+ E
)
= − 1
κssd¯
(1
5
(t + c) + a+ e
)
. (24)
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Transition Mode Amplitude
b→ ssd¯ B+ → K+K0 t+ c
B0 → K0K0 t+ c
Bs → K0pi0 1√2(a+ e)
Bs → K+pi− −(a+ e)
Bs → K0η8
√
2
3(t+ c+ a+ e)
b→ dds¯ B+ → K¯0pi+ t+ c
B0 → K¯0pi0 1√
2
(t+ c+ a+ e)
B0 → K−pi+ −(a+ e)
Bs → K¯0K¯0 t+ c
TABLE I: B → PP exclusive decays mediated by the b→ ssd¯ and b→ dds¯ transitions.
This gives two relations between the graphical amplitudes T (tree), C (color-suppressed
tree), A (annihilation), E (exchange) in the ∆S = 0 modes (the expression for B → PP
decays can be found in [18]) and the corresponding graphical amplitudes t, c, a, e in b→ ssd¯
transitions (the decay amplitudes for B → PP modes in terms of these are collected in
Table I). Equivalent relations apply between ∆S = 0 and b→ dds¯ decay amplitudes.
The most useful for our purposes is the relation (23). This gives the following prediction
for the exclusive b→ ssd¯ decays
A(B+ → K+K0) = A(B0 → K0K0) = κssd¯
C1 + C2
√
2A(B+ → π+π0) , (25)
and similarly for the b→ dds¯ decay
A(B+ → K¯0π+) = A(Bs → K¯0K¯0) = κdds¯
C1 + C2
√
2A(B+ → π+π0) . (26)
Neglecting the 1/mb suppressed amplitudes e, a one also has√
3
2
A(Bs → K0η8) = κssd¯
κdds¯
A(B0 → K¯0π0) ≃ κssd¯
C1 + C2
A(B+ → π+π0) . (27)
The remaining amplitudes in Table I are proportional to e, a. They are 1/mb suppressed,
therefore we do not consider them further.
The same SU(3) relations hold also for the decays into two vector mesons, B → VλVλ,
separately for each helicity amplitude λ = 0,±. For example, the analog of Eq. (25) is
A(B+ → K∗+λ K∗0λ ) = A(B0 → K∗0λ K∗0λ ) =
κssd¯
C1 + C2
√
2A(B+ → ρ+λ ρ0λ). (28)
10
Transition Mode Amplitude
b→ ssd¯ B+ → K∗+K0 tV + cV
B+ → K+K∗0 tP + cP
B0 → K∗0K0 tP + tV + cP + cV
Bs → K∗0pi0 1√2(aP + eP )
Bs → K0ρ0 1√2(aV + eV )
Bs → K∗0η8
√
2
3(tP + cP + aV + eV )
Bs → K0φ8
√
2
3(tV + cV + aP + eP )
Bs → K∗+pi− −(aP + eP )
Bs → K+ρ− −(aV + eV )
b→ dds¯ B+ → K¯∗0pi+ tP + cP
B+ → K¯0ρ+ tV + cV
B0 → K¯∗0pi0 1√
2
(tP + cP + aV + eV )
B0 → K¯0ρ0 1√
2
(tV + cV + aP + eP )
B0 → K∗−pi+ −(aV + eV )
B0 → K−ρ+ −(aP + eP )
Bs → K¯∗0K¯0 tV + tP + cV + cP
TABLE II: B → PV exclusive decays mediated by the b→ ssd¯ and b→ dds¯ transitions.
As a consequence the b→ ssd¯ and b→ dds¯ B → V V decays are longitudinally polarized in
the same way as the B+ → ρ+ρ0 decay.
B. B → PV decays
Table II lists the decomposition of B → PV decays in terms of graphical amplitudes. The
subscripts P, V on t, c identify the final state meson that contains the spectator quark, while
the subscripts on a, e denote the final state meson containing the q3 quark from b¯→ q¯1q¯2q3
(here the spectator participates in the weak interaction) [20, 21].
We have TP,V +CP,V ∝ 〈10|15|3〉 ± 〈27|15|3〉. The analogs of the relation (23) are then
tP + cP =
κssd¯
C1 + C2
(TP + CP ), tV + cV =
κssd¯
C1 + C2
(TV + CV ) , (29)
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where the graphical amplitudes on the right-hand side are for ∆S = 0 decays. The expansion
of the corresponding decay amplitudes in terms of graphical amplitudes can be found in
Refs. [20, 21]. Combining them with expansions in Table II gives the SU(3) relations for the
ti + ci exclusive b→ ssd¯ decay amplitudes (for ∆S = 0 amplitude we only denote the final
state)
A(B+ → K∗+K0) = κssd¯
C1 + C2
[
− (Aρ+π− − Aρ−π+)−√2Aρ0π+
+
(
AK∗0K¯0 − AK¯∗0K0
)
− (AK∗−K+ − AK∗+K−)+ (AK¯∗0K+ −AK∗+K¯0)],
(30)
A(B+ → K+K∗0) = κssd¯
C1 + C2
[(
Aρ+π− − Aρ−π+
)−√2Aρ+π0
− (AK∗0K¯0 − AK¯∗0K0)+ (AK∗−K+ − AK∗+K−)− (AK¯∗0K+ − AK∗+K¯0)
]
,
(31)
A(B0 → K∗0K0) = − κssd¯
C1 + C2
√
2
(
Aρ+π0 + Aρ0π+
)
. (32)
The Bs decay amplitudes containing ti+ci are given in terms of the above b→ ssd¯ amplitudes
A(Bs → K∗0η8) =
√
2
3
[
A(B+ → K+K¯∗0)−A(Bs → K+ρ−)
]
, (33)
A(Bs → K0φ8) =
√
2
3
[
A(B+ → K∗+K0)− A(Bs → K∗+π−)
]
, (34)
where the 1/mb suppressed pure annihilation and exchange decay amplitudes are
A(Bs → K∗+π−)=−
√
2A(Bs → K∗0π0)=− κssd¯
C1 + C2
[AK¯∗0K+ −AK∗−K+ − AK¯∗0K0] , (35)
A(Bs → K+ρ−)=−
√
2A(Bs → K0ρ0)=− κssd
C1 + C2
[AK∗+K¯0 −AK∗+K− − AK∗0K¯0] . (36)
The relations for the b → dds¯ transitions are derived in an analogous way, giving for the
ti + ci amplitudes
A(B+ → K¯∗0π+) = κdds¯
C1 + C2
[(
Aρ+π− − Aρ−π+)−
√
2Aρ+π0
− (AK∗0K¯0 − AK¯∗0K0)+ (AK∗−K+ −AK∗+K−)− (AK¯∗0K+ −AK∗+K¯0)
]
,
(37)
A(B+ → K¯0ρ+) = κdds¯
C1 + C2
[
− (Aρ+π− − Aρ−π+)−√2Aρ0π+
+
(
AK∗0K¯0 −AK¯∗0K0
)− (AK∗−K+ −AK∗+K−)+ (AK¯∗0K+ − AK∗+K¯0)
]
,
(38)
and
√
2A(B0 → K¯∗0π0) = A(B+ → K¯∗0π+)− A(B0 → K∗−π+), (39)
√
2A(B0 → K¯0ρ0) = A(B+ → K¯0ρ+)−A(B0 → K−ρ+) . (40)
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The 1/mb suppressed pure annihilation and exchange amplitudes are
A(B0 → K∗−π+) = κdds¯
C1 + C2
[−AK∗+K¯0 + AK∗+K− + AK∗0K¯0], (41)
A(B0 → K−ρ+) = κdds¯
C1 + C2
[−AK¯∗0K+ + AK∗−K+ + AK¯∗0K0] . (42)
The remaining Bs mode is given by
A(Bs → K¯∗0K¯0) = − κdds¯
C1 + C2
√
2[Aρ+π0 + Aρ0π+ ]. (43)
These SU(3) relations will be used in the next Section to predict branching fractions of
exclusive b → ssd¯ and b → dds¯ decays in the SM. The measured branching fractions of
∆S = 0 modes are then the inputs in the predictions and are collected in Table IV. We only
quote results for those decays that are not 1/mb suppressed.
IV. SM PREDICTIONS FROM THE SU(3) RELATIONS
Experimentally one will be able to search for NP effects in the following b→ ssd¯ decays
B¯0 → K¯0∗K¯0∗, B− → K−K¯0∗, B¯0s → φK¯0∗. The flavor of K¯0∗ is tagged using the decay
K0(∗) → K+π−. The same decays with K¯0 instead of K¯0∗, on the other hand, cannot be
used to probe b → ssd¯ transitions. The K0 mixes with K¯0 so that mass eigenstates KS,L
are observed in the experiment. The ”wrong kaon” decays listed above are thus only a
subleading contribution in the SM rate. For easier comparison with previous calculations in
the literature we will still quote results for B¯0 → K¯0K¯0, . . . , ”branching ratios”, knowing
that these are unobservable in practice. Similar comments apply to b → dds¯ transitions,
where NP effects can be probed in B¯0 → π0K0∗, ρ0K0∗, B− → π−K0∗, ρ−K0∗ and B¯0s →
K0∗K0∗ decays, again using flavor tagged K0∗ decays.
We derive next numerical predictions for the branching fractions of the exclusive b →
ssd¯, dds¯ modes. The branching fraction of a given mode Bq →M1M2 is given by
B(Bq → M1M2) = τBq |A(Bq →M1M2)|2
|~p |
8πm2Bq
(44)
To predict b → ssd¯, dds¯ decay amplitudes, A(Bq → M1M2), we use the SU(3) rela-
tions derived in Sec. III which relate them to the amplitudes of the already measured
B+ → π+π0, ρ+ρ0, and B → ρπ decays. The results are collected in Tables III and IV.
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As mentioned, we do not present results for the branching ratios of the 1/mb suppressed
annihilation modes.
In the calculation of B → PV branching ratios we neglect the contributions of the small
penguin dominated B → K¯∗K,K∗K¯ decays in the SU(3) relations (with experimental upper
bounds supporting this approximation). Furthermore, the application of the SU(3) relations
requires that we know also the relative phases of the B → ρπ amplitudes. These phases are
small, and can be neglected to a good approximation. This can be verified using the isospin
pentagon relation
A(ρ+π0) + A(ρ0π+) =
1√
2
(A(ρ+π−) + A(ρ−π+)) +
√
2A(ρ0π0) . (45)
Neglecting the relative phases, and using data from Table IV, the left-hand side of this
equality is 6.25± 0.29 (in units of
√
B · 106), which compares well with the right-hand side
of 6.91 ± 0.34. This justifies the assumption made of neglecting the relative phases of the
B → ρπ amplitudes.
To factor out the dependence on CKM elements, we also quote the predictions for B →
PP, PV, V V modes in a common form as
B(B → Xi) = |κssd|
2
(C1 + C2)2
ci, (46)
where ci are coefficients specific to each final state calculated using the SU(3) relations and
measured ∆S = 0 branching fractions. In the predictions we used the branching fractions
for the ∆S = 0 modes listed in Table IV. We use τ(B+)/τ(B0) = 1.071 ± 0.009 and
τ(B0s )/τ(B
0) = 0.965± 0.017 [22].
Both Belle [23] and BABAR [24] collaborations presented the results of a search for these
modes and report the 90% C.L. upper bounds (BABAR bounds are in square brackets)
b→ dds¯ : B(B+ → K−π+π+) < 45.0 [9.5]× 10−7; BELLE [BABAR], (47)
b→ ssd¯ : B(B+ → K+K+π−) < 24.0 [9.5]× 10−7; BELLE [BABAR], (48)
B(B0 → K0K+π−) < 180× 10−7; BELLE. (49)
The quasi two–body decay B+ → K¯0∗π+ is part of the B+ → K−π+π+ three body decay,
B+ → K+K∗0 is part of B+ → K+K+π−, while B0 → K0K∗0 is part of B0 → K0K+π−.
The bounds on three body decays thus imply bound on two-body decays. These are 8
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Mode ci[×10−6] BSM Literature
B+ → K+K0 11.0 ± 0.8 (0.7 ± 0.1) · 10−15 2.5× 10−14
B0 → K0K0 10.2 ± 0.7 (0.7 ± 0.1) · 10−15 −
B+ → K∗+K0 29.3 ± 4.3 (1.9 ± 0.3) · 10−15 1.7× 10−14
B+ → K+K∗0 11.3 ± 3.0 (0.7 ± 0.2) · 10−15 6.5× 10−14
B0 → K∗0K0 71.5 ± 6.2 (4.7 ± 0.4) · 10−15 −
B+ → K∗+K∗0 47.2 ± 3.7 (3.1 ± 0.2) · 10−15 6.8× 10−14
B0 → K∗0K∗0 43.9 ± 3.5 (2.9 ± 0.2) · 10−15 −
TABLE III: SU(3) predictions for the branching fractions of the b → ssd¯ modes in the SM. The
last column shows the predictions from a previous calculation [3].
Mode ci[×10−6] BSM
B+ → K¯0pi+ 11.1 ± 0.8 (35± 2)× 10−18
Bs → K¯0K¯0 9.7± 0.7 (30± 2)× 10−18
B+ → K¯∗0pi+ 11.4 ± 2.9 (36± 9)× 10−18
B+ → K¯0ρ+ 29.5 ± 4.3 (92± 13) × 10−18
B0 → K¯∗0pi0 5.3± 1.4 (17± 4)× 10−18
B0 → K¯0ρ0 13.7 ± 2.0 (43± 6)× 10−18
Bs → K¯∗0K¯0 69.1 ± 6.0 (215 ± 19) × 10−18
B+ → K¯∗0ρ+ 47.6 ± 3.8 (148 ± 12) × 10−18
Bs → K¯∗0K¯∗0 41.7 ± 3.3 (130 ± 10) × 10−18
TABLE IV: SU(3) predictions for the branching fractions of the b→ dds¯ modes in the SM.
orders of magnitude or more above the estimates for the SM signal, but the situation could
improve at a future super-B factory [25] or at LHCb. Note that B0 → K0K+π− is observed
in KSK
+π− final states which also receives contributions from b→ d penguin decay B0 →
K¯0K∗0 and from annihilation decay B0 → K+K−. It thus cannot be used as a null probe
of NP.
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Mode B(×10−6) Mode B(×10−6)
B+ → pi0pi+ 5.59+0.41−0.40 B0 → ρ±pi∓ 23.0 ± 2.3
ρ0pi+ 8.7+1.0−1.1 ρ
+pi− 15.4 ± 1.8a
ρ+pi0 10.9+1.4−1.5 ρ
−pi+ 7.2 ± 1.1b
ρ+ρ0 2.40 ± 0.19 ρ0pi0 2.0 ± 0.5
TABLE V: Branching ratios for B → pipi, ρpi, ρρ decays, from Ref. [22] apart from: a) the average of
15.5± 3.4 [26] and 15.3± 2.2 [27], and b) the average of 7.1± 1.9 [26] and 7.3± 1.4 [27].
V. b→ ssd¯ AND b→ dds¯ TRANSITIONS IN THE PRESENCE OF NP
Next we consider the b → ssd¯ and b → dds¯ decays in the presence of generic NP. The
most general local NP hamiltonian mediating the b → ssd¯ and b → dds¯ transitions was
given in Eq. (7). In this section we will assume that NP matches onto the local operator
Q1 in Eq. (7) with SM chirality (V − A) × (V − A). This is true for a large class of NP
models, such as the two-Higgs doublet model with small tan β, or the constrained MSSM
[4]. Effects of NP that matches to other chiral structures will be given in the next section.1
To simplify the notation we focus on b→ ssd¯ transitions — the expressions for b→ dds¯ can
be obtained through a simple s↔ d exchange — but show numerical results for both types
of decays.
We consider three representative cases of NP: i) the exchange of NP fields that carry
a conserved charge, where large effects are possible as explained in the Introduction, ii)
minimally flavor violating (MFV) new physics with small tan β [28], NMFV [29] and iii)
general flavor violation with a ∼ 103 TeV scale suppression. For this analysis it is useful to
rewrite the b→ ssd¯ SM effective Hamiltonian (14) as
Hssd¯ =
GF√
2
VubV
∗
udκssd¯Ossd¯ =
1
Λ20
e−iγκssd¯Q1 , (50)
where Λ0 = 2
1/4/(2
√
GF |VubVud|) = 2.98 TeV and Q1 is defined in (8) (the flavor dependence
of Q1 is not shown). The NP Hamiltonian for b→ ssd¯ is
HNPssd¯ =
c1
Λ2NP
η2Q1, (51)
1 There is also the possibility that NP contributes through the ∆S = 1 hamiltonians appearing in the
nonlocal term in Eq. (9), for instance through a (s¯b)(c¯c) term. We do not pursue this possibility further.
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where the Wilson coefficient c1 contains possible extra flavor hierarchy in the new physics
transitions, and ΛNP is the scale of NP. The hard QCD correction to the c1 coefficient
describing the RG running from the weak scale mW to mb has been explicitly factored out,
η2(mb) = 0.85. It is now very easy to obtain the branching ratio in the presence of NP from
the SM predictions,
BNP(B → f) =
∣∣∣ Λ20
κssd¯
c1η2
Λ2NP
∣∣∣2BSM(B → f), (52)
and similarly for b→ dds¯ decays.
A. NP with conserved charge
As discussed in the introduction it is possible to have large NP effects in b→ ssd¯ decays, if
the transition is mediated by NP fields that carry a total conserved charge, and if in addition
there exists a hierarchy in the couplings. In this case we have for the Wilson coefficient in
the NP Hamiltonian (51) (cf. Eq. (4))
c1
Λ2NP
=
1
M2X
(
gb→sg∗s→d + gd→sg
∗
s→b
)
. (53)
From K − K¯ and Bs − B¯s mixing we have the bounds, Eq. (1),
|gd→sg∗s→d|1/2
MX
<
1
103 TeV
,
|gb→sg∗s→b|1/2
MX
<
1
30 TeV
. (54)
These bounds are trivially satisfied, if for instance gs→d = gb→s = 0, since then no mixing
contributions are induced. The b → ssd¯ transitions, on the other hand, can still be large,
if gd→s and gs→b are nonzero. Taking gd→s = gs→b = 1, the BABAR experimental bound
on B(B+ → K+K∗0), Eq. (48), gives MX > 5.0 TeV . A similar bound MX > 5.0 TeV is
found for b→ dds¯ from the BABAR bound on B+ → K¯∗0π+ branching ratio. The resulting
predictions for b→ ssd¯ and b→ dds¯ branching ratios are of O(10−6) as shown in Table VI
and may well be probed at Belle II and LHCb.
A more generic situation may be that only one of the gi couplings is accidentally small.
Unlike in the previous example, we choose MX such that we do not saturate the present
experimental bounds on b → ssd¯. As an illustration let us take gs→d = 0 and all the other
couplings to be equal to 1. In this case the K− K¯ mixing bound in (54) is trivially satisfied,
17
Mode (ssd¯) BX[×(5.0 TeVMX )4] BNMFV[×(
173 TeV
Λssd
)4] Bgen. BSM
B+ → K+K∗0 1.4 × 10−6 1.0× 10−12 0.3× 10−14 (0.7 ± 0.2) × 10−15
B+ → K∗+K∗0 6.0 × 10−6 4.2× 10−12 1.4× 10−14 (3.1 ± 0.2) × 10−15
B0 → K∗0K∗0 5.5 × 10−6 3.9× 10−12 1.3× 10−14 (2.9 ± 0.2) × 10−15
Mode (dds¯) BX[×(5.0 TeVMX )4] BNMFV[×(
458 TeV
Λdds
)4] Bgen. BSM
B+ → K¯∗0pi+ 1.4 × 10−6 2.0× 10−14 1.3× 10−15 (3.6 ± 0.9) × 10−17
B+ → K¯∗0ρ+ 6.0 × 10−6 8.5× 10−14 5.4× 10−15 (14.8 ± 1.2) × 10−17
Bs → K¯∗0K¯∗0 5.3 × 10−6 7.5× 10−14 4.7× 10−15 (13 ± 1)× 10−17
TABLE VI: Predictions for the branching fractions of the b→ ssd¯, dds¯ modes in the presence of NP
carrying conserved charge (BX), with NMFV flavor structure (BNMFV), and general flavor violation
at high scale (Bgen.), in all cases assuming dominance of the SM operator (s¯d)V −A(s¯b)V−A (see
also text for details). The branching fractions Bgen include (maximally constructive) interference
with the SM amplitude, and were obtained using Λssd,dds = 10
3 TeV. Only modes which do not
contain KS,L are shown.
while Bs − B¯s mixing implies that MX > 30 TeV. The b→ ssd¯ branching ratios are
B({B+ → K+K∗0, B+ → K∗+K∗0, B0 → K∗0K∗0}) = {1.1, 4.6, 4.3}× 10−9(30TeV
MX
)4
.
(55)
For b → dds¯ transitions the same choice for the values of coupling, gs→d = 0 and all the
other gi = 1, setsMX > 210 TeV due to the present absence of NP effects in Bd−B¯d mixing.
This gives
B({B+ → K¯∗0π+, B+ → K¯∗0ρ+, B0s → K¯∗0K¯∗0}) = {0.5, 1.9, 1.7}× 10−12
(210TeV
MX
)4
.
(56)
Finally, we mention that, if b → ssd¯ or b → dds¯ modes are observed in the near future,
this would imply nontrivial exclusions on the parameter space of the models. In particular
models with gs→b ∼ gs→d and/or gb→s ∼ gd→s would be excluded as discussed in Appendix
C.
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B. NP with MFV and NMFV structures
Both MFV [28] and NMFV [29] fall in the class of new physics models where the b→ ssd¯
suppression scale Λssd¯ is the geometric average of the NP scales in K−K¯ and Bs−B¯s mixing
(1), Λssd¯ ∼
√
ΛsdΛbs >∼ 173 TeV. In this paper we will restrict ourselves to MFV with small
tan β, where the ∆F = 2 processes are mediated by a single operator with (V −A)×(V −A)
structure [28]. This implies that the K − K¯ and Bs − B¯s mixing operators are
V 2tsV
∗2
td
Λ2MFV
(s¯LγµdL)
2 ≡ 1
Λ2sd
(s¯LγµdL)
2,
V 2tbV
∗2
ts
Λ2MFV
(b¯LγµsL)
2 ≡ 1
Λ2bs
(b¯LγµsL)
2, (57)
and the b→ ssd¯ local operator is
1
Λ2MFV
VtbV
∗
tsVtdV
∗
ts(b¯LγµsL)(d¯Lγ
µsL) ≡ 1
Λ2
ssd¯
(b¯LγµsL)(d¯Lγ
µsL), (58)
all of which depend only on one unknown parameter, the MFV scale ΛMFV. From a global
fit the UTfit collaboration finds ΛMFV > 5.5 TeV [9]. We have also defined the suppression
scales Λsd, Λbs, Λssd¯ that include the hierarchy of the NP induced flavor changing couplings,
which in the MFV case are just the appropriate CKM matrix elements. They are related as
stated above Λssd¯ =
√
ΛsdΛbs.
In NMFV the operators in (57) and (58) are still parameterically suppressed by the CKM
matrix elements, but the strict correlation between the Wilson coefficients is lost – they are
multiplied by O(1) complex coefficients. We then have approximately Λssd¯ ∼
√
ΛsdΛbs.
Using the bounds from (1), Λssd¯ >∼ 173 TeV, which gives b → ssd¯ branching ratios of
O(10−12), Table VI. Similarly we have Λdds¯ ∼
√
ΛsdΛbd >∼ 458 TeV, giving b→ dds¯ branching
ratios of O(10−13). In MFV the predicted branching ratios are much smaller, of the order
of the SM branching ratios in Table VI. The reason for the difference between NMFV and
MFV is that in MFV NP the Wilson coefficient generating K − K¯ mixing carries a weak
phase (the same phase as it does in the SM), while in NMFV the NP contribution can be
real.
C. General flavor violation with a high scale
As a final example we consider the case where NP is at the mass scale probed by K − K¯
mixing, Λ ∼ 103 TeV, and assume that flavor violating couplings are all of O(1). The
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resulting branching fractions for b→ ssd¯ and b→ dds¯ decays, assuming positive interference
between SM and NP contributions, are collected in Table VI. For b→ ssd¯ decays the NP and
SM contributions are roughly of the same size, while for b→ dds¯ the NP induced branching
ratios are more than two orders of magnitude larger than the SM ones. This means that
with enough statistics one could probe flavor violation without theoretical uncertainty to
scales Λ ∼ 103 TeV both in 3 → 2 and 3 → 1 transitions and not just in 2 → 1 transitions
as is possible now from K − K¯ mixing. Of course, the statistics needed to achieve such an
ambitious goal is well beyond the reach of present and planned flavor factories.
VI. NP LEADING TO NON-SM CHIRALITIES
We now turn to the description of effects induced by the local operators with non-standard
chiralities Q2−5, Q˜1−5. It is convenient to normalize the matrix elements of these operators
to the ones of the SM operator Q1
rj(B →M1M2) ≡ 〈M1M2|Qj |B〉〈M1M2|Q1|B〉 , (59)
and similarly for Q˜1−5, where the ratio is denoted as r˜j . To obtain predictions for a b→ ssd¯
decay branching ratio due to a particular NP chiral structure, one only needs to multiply
the results in Table VI with appropriate r2j or r˜
2
j .
Using parity one can relate rj and r˜j , since P
†QjP = Q˜j. For B → PP (B → V P )
decays one then has
r˜1 = ∓1, and r˜j = ∓rj , j = 2, . . . , 5. (60)
For B → V V decays it is convenient to define ratios rλ,j, r˜λ,j for final states with definite
helicites, |V1,λV2,λ〉, where λ = 0,±. We then have r˜1,± = r˜1,0 = −1 and
r˜j,± = −rj,∓ , r˜j,0 = −rj,0, j = 2, . . . , 5 (61)
We only need to compute the ratios rj, j = 2, . . . , 5. The ratios r˜j are then already
given by the above relations. To compute rj we use naive factorization [30], which suffices
for the accuracy required here. Strictly speaking, naive factorization is not valid at leading
order in the heavy quark expansion, but corresponds to assuming dominance of the soft-
overlap contributions in the complete SCET factorization formula [31], and keeping only
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terms of leading order in αs(mb). In the QCDF approach, this corresponds to neglecting
hard spectator scattering contributions [33, 34]. If needed, these assumptions can be relaxed.
Naive factorization, or the vacuum insertion approximation, is also justified in the 1/Nc
expansion for the matrix elements of the operators Q1,2,4, but not for Q3,5. To see this, one
can rewrite Q3 as a sum of color singlet and color octet terms using the color Fierz identity,
Q3 = (s¯
α
Rb
β
L)(s¯
β
Rd
α
L) =
1
Nc
(s¯RbL)(s¯RdL) + 2(s¯Rt
abL)(s¯Rt
adL), (62)
and analogously for Q5. The matrix element of the color-singlet operator scales as N
1/2
c ,
while that of the color-octet scales as N
−1/2
c . The two term in the above decomposition thus
contribute at the same order in 1/Nc expansion, and both should in principle be kept.
For the experimentally interesting B → PV and B → V V decay modes all the ratios can
be expressed in terms of r2,4. One has r3,5 = 3r2,4, and r4 = −1/[2(Nc + 1)].
The ratio r2 is common to all the PV modes which depend only on the graphical am-
plitudes tP + cP (for which the spectator quark ends up in the pseudoscalar meson) and is
given by
r2 =
1
8(Nc + 1)
f⊥V fT (m
2
V )
fV f+(m2V )
2(m2B −m2P −m2V )
mV (mB +mP )
. (63)
Using fK∗ = 218 MeV, f
⊥
K∗ = 175 MeV and the form factors from Ref. [35] we find
r2(K
+K∗0) = 0.28 and r2(π+K¯∗0) = 0.27.
For the V V modes we quote only the ratios corresponding to longitudinally polarized
vector mesons, which dominate the total rate. We find r
‖
4 = −1/[2(Nc + 1)] and
r
‖
2 = −
1
8(Nc + 1)
3f⊥V 1
fV 1mV 1
4m2B~p
2T1(m
2
V 1)− (m2B −m2V 2)(m2B −m2V 1 −m2V 2)T2(m2V 1)
(mB +mV 2)(m2B −m2V 1 −m2V 2)A1(m2V 1)− 4m
2
B
~p2
mB+mV 2
A2(m2V 1)
.(64)
Here V1 denotes the neutral K
∗ meson (K∗0 for b→ ssd¯ transitions, and K¯∗0 for the b→ dds¯
transitions), if V1, V2 are different vector mesons. Numerically we find
r
‖
2(B
+ → K∗+K∗0, K∗0K∗0) = 0.002 , (65)
r
‖
2(B
+ → K¯∗0ρ+) = 10−5 , r‖2(Bs → K¯∗0K¯∗0) = 0.002 ,
where we used the B → V form factors from Ref. [36].
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VII. CONCLUSIONS
The exclusive rare B decays b → ssd¯ and b → dds¯ analyzed in this paper appear in
the SM only at second order in the weak interactions and have thus very small branching
fractions, but in NP models they can be greatly enhanced. We construct the complete
effective Hamiltonian contributing to these modes in the SM, and point out the presence of
nonlocal contributions, not included in previous work, which can contribute about 30% of
the local term.
We show that the hadronic matrix elements of the local operators contributing to these
exclusive decays in the SM can be determined using SU(3) flavor symmetry in terms of
measured ∆S = 0 decay amplitudes. Detailed numerical predictions are given for all B →
PP, V P, V V modes of experimental interest, both in the SM and for several examples of
NP models: NP with conserved global charge, (N)MFV models and general flavor violating
models.
A general NP mechanism was identified which can enhance the branching fractions of
these modes, while obeying existing constraints on NP in ∆S = 2 mixing processes. This
mechanism represents a generalization of the sneutrino exchange in R parity violating SUSY.
Any observation of such a decay mode gives a constraint on the ratio of flavor couplings
to the NP, and can exclude regions in the parameter space of the NP theory for branching
fractions observable at LHC-b and super-B factories.
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APPENDIX A: THE STRUCTURE OF THE EFFECTIVE HAMILTONIAN
Consider for definiteness the b → ssd¯ transitions. At scales MW > µ > mb, these
transitions are described by an effective Hamiltonian with propagating u, c quarks. Writing
explicitly the quarks propagating in the box diagram, and not assuming the unitarity of the
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CKM matrix, the effective Hamiltonian is given by
Hssd¯ = λdtλbtH(t, t) +
∑
q1,q2=u,c
λdq1λ
b
q2
H(q1, q2), (A1)
with λq
′
q = Vqq′V
∗
qs (so that for instance λ
d
t = VtdV
∗
ts. The top term in the Hamiltonian is a
local operator
H(t, t) = G
2
Fm
2
W
2
C(m2t/m
2
W , µ/mW )[(s¯d)V−A(s¯b)V −A], (A2)
where C(m2t/m
2
W , µ/mW ) is a Wilson coefficient. The box diagram with internal quarks
q1, q2 = u, c, on the other hand, is matched onto an effective Hamiltonian containing both
local and nonlocal terms [12]
H(q1, q2) = G
2
F
2
{
A
( µ
mW
)
m2W [(s¯d)V−A(s¯b)V−A] +B
( µ
mW
)
(m21 +m
2
2)[(s¯d)V−A(s¯b)V −A]
+D
( µ
mW
)
m2b [(s¯d)V−A(s¯b)V−A]
}
+
∫
ddxT
{Hd(q2, q1)(x),Hb(q1, q2)(0)} . (A3)
The effective Hamiltonian Hb(q1, q2) mediates b→ sq1q¯2 transitions, and is given by
Hb(q1, q2) = GF√
2
(∑
i=1,2
CiQ
q1q2
i,b + δq1q2
6∑
j=3
CjQ
b
j
)
. (A4)
Hd(q1, q2) mediates d → sq¯1q2 and is given by a similar expression, with the replacement
b → d. Note that there is no top-charm contribution at leading order in the m2i /m2W
expansion. The top-charm box is matched in the effective theory onto six-quark operators
of the form (c¯b)(s¯c)(s¯d), which are power suppressed by 1/m2W relative to the 4-quark
operators shown. Such terms appear only after using the unitarity of the CKM matrix.
The dependence on the light quark masses m1,2 in the effective theory expression Eq. (A3)
can be obtained in the mass insertion approximation. The W± coupling W+µ (u¯LγµdL) con-
serves chirality, which implies that only m21, m
2
2 terms are allowed, but not m1m2, which
would require one mass insertion on each propagating line. The m2b term arises from two
mass insertions on the incoming b quark line. This term is not present in K0 − K¯0 mixing.
On the other hand, in a theory with chiral-odd quark couplings, such as e.g. the charged
Higgs couplings H+(u¯LdR) in the 2HDM, another term can appear in Eq. (A3), proportional
to m1m2. Chirality prevents also the appearance of terms of the form mbm1, mbm2.
Under renormalization, the local operator with Wilson coefficient A(µ/mW ) renormalizes
multiplicatively, while the nonlocal operators mix into the local operators with coefficients
B(µ/mW ), D(µ/mW ).
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Making use of the unitarity of the CKM matrix, it is possible to eliminate λbu, λ
d
u as
λiu = −λic − λit, i = b, d. This reproduces the effective Hamiltonian quoted in text Eq. (10).
The terms proportional to A,C and D are combined into Ctt, while the B term in Eq. (A4)
reproduces the Ctc and Cct coefficients. The total contribution of the local terms proportional
to the Wilson coefficient B(µ/mW ) is equal to
λduλ
b
u · 0 + λdcλbu ·m2c + λduλbc ·m2c + λdcλbc · 2m2c (A5)
= −λdc(λbc + λbt) ·m2c − λbc(λdc + λdt ) ·m2c + λdcλbc · 2m2c = −(λdcλbt + λdcλbt)m2c .
This proves the two properties of the local effective Hamiltonian H∆S=2 stated in the text:
i) the equality Ctc = Cct, and ii) the absence of a λ
d
cλ
b
c local term. The latter property
does not hold in the presence of chiral-odd quark couplings, as for example in the 2HDM as
discussed above.
APPENDIX B: ∆S = 2 WILSON COEFFICIENTS
In this appendix we show the translation of results obtained for K¯0 −K0 mixing to the
case of b → ssd¯ decays (the results for b → dds¯ decays are equivalent). The results for
K¯0 − K0 mixing were derived in [13] in the leading-log approximation, and in [14] in the
next-to-leading log approximation.
We start with the Wilson coefficient Ctt, which is obtained by matching the u, c, t loops
at the weak scale onto the local operator (s¯b)V−A(s¯d)V−A. Below this scale, QCD radiative
corrections introduce a correction η2(µ), so that at NLO
Ctt(µ) = η2(µ)S0(xt) +
1
8π2
m2b
m2W
D(µ/mW ). (B1)
The box function S0(xt) with xt = m
2
t/M
2
W is the same as obtained in the one-loop matching
at the mW scale for K¯
0−K0 mixing (external b quark leg can be considered as massless for
the purpose of this calculation). It is given by [11]
S0(xt) =
4xt − 11x2t + x3t
4(1− xt)2 −
3x3t log xt
2(1− xt)3 = 2.26. (B2)
with the numerical value given for m¯t(m¯t) = 160.9 GeV. The QCD correction η2(µ) is
obtained by solving the renormalization group equation
µ
dη2(µ)
dµ
= γ+η2(µ) (B3)
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At one-loop order, the anomalous dimension is γ+ = αs/π, which gives using αS(mZ) = 0.118
(from which Λ
nf=5
MS
= 226 MeV)
η2(µb) =
(
αs(MW )
αs(mb)
)6/23
= 0.85 , mb = 4.2 GeV, (B4)
so that
Ctt(µb) = 1.92. (B5)
The coefficient D(µ) parameterizes the b quark mass effects, and is introduced by mixing
from the nonlocal operators into the local operator m2b(s¯b)V−A(s¯d)V−A. This mixing has not
been computed yet. We will neglect this contribution since it is suppressed by the small
ratio m2b/m
2
W ∼ 0.2%.
The λbtλ
d
t nonlocal contributions due to insertions of two four-quark operators are power
suppressed and can be neglected as discussed in appendix A. This is no longer true for
top-charm contributions, where both local and nonlocal contributions are power suppressed
by m2i /m
2
W , and mix under renormalization.
We use the derivation of [14], which we adapt to the b→ ssd¯ process at hand. The local
part of the K¯0−K0 mixing weak Hamiltonian for µ above the charm quark mass (i.e. before
charm quark is integrated out) is given by [14]
HK¯−Keff =
G2F
2
λdcλ
d
t C˜7Q˜7, Q˜7 =
m2c
g2
[(s¯d)V−A(s¯d)V−A]. (B6)
The corresponding local part of the b→ ssd¯ effective Hamiltonian on the other hand is
G2Fm
2
W
16π2
(
λdcλ
b
tCct + λ
d
tλ
b
cCtc
)[
(s¯d)V−A(s¯b)V−A
]
, (B7)
The RG evolution calculation for b→ ssd¯ process is the same as for K¯0−K0 mixing, except
that the total contribution is split into two because of two different CKM element structures
in (B7). As shown in Appendix A, these structures have identical coefficients in the SM
Cct = Ctc.
The same equality can be seen also in the anomalous dimension matrices for the running
of these coefficients. Consider the nonlocal contribution to b → ssd¯ with insertions of the
tree operators T{Q1,2Q1,2}, which is given by
∑
i,j=1,2
CiCj
{
λdcλ
b
t
(
Quui,dQ
uu
j,b −Qcui,dQucj,b
)
+ λdtλ
b
c
(
Quui,dQ
uu
j,b −Quci,dQcuj,b
)}
. (B8)
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When computing the mixing into the local operator Q˜7, the terms in the first and the
second brackets give the same contributions, since the quark masses are not relevant for the
calculation of the anomalous dimensions (it does not matter whether c quark or u quark
runs in the lower leg of the loop in Fig 1). This shows that the RG running for Cct, Ctc is
the same. Furthermore, this running is the same as that of C˜7 in K
0− K¯0 mixing. This can
be seen by comparing (B8) with the nonlocal operator contributing to K¯0 −K0 mixing
∑
i,j=1,2
CiCjλ
d
cλ
d
t
(
2Quui,dQ
uu
j,d −Qcui,dQucj,d −Qcui,dQucj,d
)
, (B9)
The two operators are identical, provided that one sets b → d in (B8). The same corre-
spondence between K0− K¯0 mixing and b→ ssd¯ applies also for the nonlocal contributions
involving penguin operators.
In conclusion, comparing the Eqs. (B6) and (B7) we find that for µ > mc, we have
Cct(µ) = Ctc(µ) = C˜7(µ)xcπ/αs , (B10)
where C˜7(µ) is obtained from RG evolution in the same way as for K¯
0−K0 mixing. A very
compact form of RG equations was presented in [14]
µ
d
dµ
~D = γˆT · ~D, (B11)
with γˆ the 8 × 8 anomalous dimension, given in Eqs. (6.23)-(6.26) and (12.50)-(12.56) of
[11] and
~DT = ( ~CT , C7+/C+, C7−/C−). (B12)
Here ~C is a vector of Ci, i = 1, . . . 6, C± = C1 ± C2, 2 and C˜7 was split to C˜7 = C7+ + C7−,
where the distribution between C7+ and C7− is arbitrary. At LO we have for the matching at
weak scale ~DT (µW ) = (1, 0, 0, 0, 0, 0, 0, 0), so that the nonzero value of C˜7(µ) comes entirely
from the running, from mixing with C1. At µb the solution of RG running at LO is
~D(µ) = V
([αS(mW )
αS(µ)
]~γ(0)/2β0)
D
V −1, (B13)
with γˆ = αS
4π
γ(0) and V a matrix that diagonalizes the LO anomalous dimension matrix,
γ
(0)
D = V
−1γ(0)TV . This gives
C˜7(mb) = 0.268, mb = 4.2 GeV, (B14)
2 Here we caution about the definition of C1,2, which differs from the one in [11]. We use the definition,
where C1(µW ) ∼ 1, C2(µW ) ∼ 0.
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and finally
C˜tc(mb) = 3.75xc = 9.35 · 10−4, (B15)
where in the last equality we used mc = 1.27 GeV.
APPENDIX C: BOUNDS ON THE FLAVOR-CHANGING COUPLINGS
We have showed in the introduction that b → ssd¯ branching ratios can be large, if NP
effects are due to exchange of particle(s) with conserved charge. The resulting effective
weak Hamiltonian, Eq. (4), depends on four couplings, gs→d, gd→s, gb→s, gs→b and an overall
mass scale MX , that in this appendix we set to MX = 10 TeV (this then fixes the overall
normalization of gi). In order to have large b → ssd¯ branching ratios and simultaneously
avoid bounds from K − K¯ mixing and Bs − B¯s mixing a hierarchy between couplings is
required. Another way of looking at this is that, if a large b → ssd¯ decay branching ratio
(we will quantify what ”large” means below) is found by Belle II and/or LHCb this would
imply that a region of parameter space with gs→b ∼ gs→d and/or gb→s ∼ gd→s would be
excluded. We show this below.
The experimental constraints from K − K¯ mixing and Bs− B¯s mixing give the following
upper bounds (fixing MX = 10 TeV and using bounds from Eq. (1))
εsd ≡ |gd→sg∗s→d| ≤
M2X
Λ2sd
= 10−4 , εbs ≡ |gb→sg∗s→b| ≤
M2X
Λ2bs
= 0.11 . (C1)
We also define the following two ratios of coupling constants
R =
gs→b
gs→d
, R¯ =
gb→s
gd→s
. (C2)
We now show that a measured lower bound on the b → ssd¯ branching fraction excludes
values of R, R¯ that are close to 1. For definiteness, we assume that the NP field X couples
to the quarks with the Dirac structure Γ = PR, as in RPV SUSY. Similar bounds can be
derived for any other Dirac structure Γ.
The amplitude for the B¯ → f transition mediated by the operator (s¯b)(s¯d), Eq. (4), is
A(B¯ → f) = 1
M2X
〈f |gd→sg∗s→bQ4 + gb→sg∗s→dQ˜4|B¯〉 =
r4
M2X
〈f |Q1|B¯〉(gd→sg∗s→b ∓ gb→sg∗s→d),
(C3)
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where the upper (lower) sign is for a PP (PV ) final state. The combination of couplings gi
can be written in terms of the ratios R, R¯ defined in (C2)
gb→sg∗s→d ∓ gd→sg∗s→b = gb→sg∗s→b
1
R∗
∓ gd→sg∗s→dR∗ = (gd→sg∗s→d)R¯∓ (gb→sg∗s→b)
1
R¯
. (C4)
The products of coefficients on the r.h.s are now exactly the ones bounded from the meson
mixing, Eq. (C1). The absolute value of the l.h.s on the other hand is assumed to be
bounded from below from the measurement of b → ssd¯ branching ratio, cf. Eq. (C3). We
then have
B2 < |gb→sg∗s→d ∓ gd→sg∗s→b|2 ≤ ε2sd|R|2 + ε2bs
1
|R|2 + 2εsdεbs . (C5)
If B ≥ 2√εsdεbs, then the above inequality rules out a range of values for |R|,
1
2ε2sd
[B − 2εsdεbs −
√
B2 − 4εsdεbs] ≤ |R|2 ≤ 1
2ε2sd
[B − 2εsdεbs +
√
B2 − 4εsdεbs]. (C6)
The same bound with εsd ↔ εbs holds also for |R¯|. The requirement B ≥ 2√εsdεbs corre-
sponds to the requirement that B(B → f) > 4B(B → f)NMFV, with the NMFV predictions
for branching ratios given in Table VI.
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